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Description 

FIELD OF THE INVENTION 

,000,, Th, pto«n« invention is toiatoa .0 tr.nsg.nic P«s -* »|^rC« 

production of transgenic Brassica species. 
BACKGROUND ART 
Transgenic Plants 

[0002] Kisknownthatnew^^ 

DMA technology. In order to derive these crops w, th nove "^^^JS challenging and requires 
genome is required. This method, commonly referred ^ " ^^^^ " a ^ nrt ^ tepla ^ Mn8 ^ 
significant effort in developing the protoco s for « 

species transformation hasbecome routine, while novel traits have been released into 

Nevertheless, some crop varieties that were genetically engineered to or Commercial release 

the commercial production chain, and others ^^^^^^^^^ These phenotypes 
[0003] Many of these transgenic crop vanet.es have novel trots than P^™^,^™ and France to her- 
Lude nove. compositions, enhanced «^ 

bicides. Such tolerance provides new means to contort ^^^^^ai^lacdv^r^tDas-ln^ 
[0004] Manycurrent novel traits in commerce affecj ^^^^T^ti^ tolerance is an input trait as 

5? .nadditiontoinput^^ 

Such traits impact the final products or "outputs" from a crop ^SJT^ Kbi a considerable effort towards 
antinutritiona. content and ^^^g^^^^^^^^J^^^ 
the development of crops with output traits that provide new > proau , d for "molecular 

[0006] Some traits are classified as high-value "output tra.ts. ^*££!^U6^ farming holds consid- 
arming" to produce nove. proteins with commercial or P*"^^ Use of 

erable promise for the economica. production of tags' volumes ^^^X^W including: ease of pro- 

Lse derived from microbia. sources such as Pf the paction 
lase, g.ucose oxidase, ceHu.ases, hmUw J^SSJSESS Ke pulp and paper industry, has been 

rr^rr^ sssr- si- »- - — - - 

anticipated to be competitive with fermentation. Droauc ticn and delivery ot vaccinas, an- 

[0000! Add*.-, ntotoc* •^^X^ci^nS^. AS., Usl«7.»,), btood 

for the delivery of these products into commerce. 
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[0010] A problem of transgenic plant production is that upon recovery of a transgenic event in a plant cell, a consid- 
erable effort is needed to recover morphologically normal, fertile plants for use in subsequent breeding schemes. Thus 
methods that allow for the simple identification of plants that have received the transgene is a primary objective for 
commercialization. 

5 [0011] The selection or identification of transgenic plants by reliable methods that do not require biochemical or 
colorimetric assays are particularly convenient. A method that allows for flexibility can be additionally valuable, such 
as a scheme that can be used at any point in the development of a transgenic variety. A most preferred method would 
allow selection in culture, identification in breeding and introgression activities, as well as identification and discrimi- 
nation at the field level. 

w 

Concerns Associated with Field Release of Transgenic Plants 

[0012] It has been suggested that the release of genetically modified crops could lead to environmental damage 
because of their expression of genetic potential that would not ordinarily be attained by natural selection or via sexual 

15 recombination. It has further been suggested that released transgenic plants could invade natural ecosystems either 
through the spread of the plants themselves or through hybridization with wild relatives. These issues have been 
extensively debated and experimentation has been initiated to test for continued survival of transgenic plants and 
transfer of traits from crop species to wild relatives, (e.g. University of California, Risk assessment in agricultural biology: 
proceedings of an international conference, 1990, Casper, R., & Landsman, J., 1992; The bio-safety results of field 

20 tests of genetically modified plants and microorganisms. Proceedings of the 2nd International Symposium on The 
Biosafety Results of Field Tests of Genetically Modified Plants and Microorganisms, 1 992, Goslar, Germany, Dale, P. 
et al., 1992; The field release of transgenic plants, The British Crop Protection Council. Brighton Crop Protection Con- 
ference: Pests and Diseases, Vols. I, II and III; Proceedings of the 3rd International Symposium on The BioSafety 
Results of Field Tests of Genetically Modified Plants and Microorganisms, 1994, Monterey, California, Jones, D.D., 

25 1994) 

[0013] The consensus of the studies and experimental results achieved to date supports the view that the degree 
of potential spread of transgenes to wild relatives is highly dependent upon the species and environmental conditions. 
Crossing with relatives is not likely with some species and probable for others (Raybould & Grey, J., Applied Ecology 
30: 199-219, 1993). The degree to which any transformed plant can be invasive of other habitats, and hence the 
30 environmental risk, is also dependent on the plant species itself. Many crops are highly specialized and adapted to 
non-competitive cultivation practices and, thus, they are not generally considered a serious environmental risk (Dale 
et a/., Plant Breeding 111:1-22, 1993; Fishlock, D., The PROSAMO Report, published by the Laboratory of the Gov- 
ernment Chemist, Queens Road, Teddington, Middlesex, UKTW11 OLY). 

[0014] However, it is generally agreed that there are probably some risks that certain crop plants, ornamentals or 
35 plants cultivated for natural pharmacological purposes could become weedy pests since many of the weedy species 
currently affecting agricultural production were at one time introduced from another environment, frequently for orna- 
mental, culinary or medicinal reasons (Keeler, K.H., Biotechnology 7: 1134-1139, 1989). 

[0015] While years of study will be required to understand fully the potential impact of transgenic plants on the en- 
vironment, a potentially more serious near term problem relates to contamination of agricultural production with novel 

40 traits from transgenic plants. Both Xenia effects (direct effect of cross pollen on the composition of seed) and volunteers 
or seed that remain in the field can contaminate subsequent agricultural production. Although such events have not 
been a major problem in the past, the inadvertent contamination of crops intended for general consumption with visually 
indistinguishable varieties developed for other purposes, for example, crops that contain a pharmaceutical^ active 
protein, has become an issue of particular concern. Accordingly, the ability to discriminate transgenic crops in a simple 

45 and reliable way is of value. 

[0016] Currently, physical isolation combined with border rows that function as pollen traps have been employed to 
contain-plants with transgenic traits under study and development (e.g. , Agriculture and Agri-Food Canada, Regulatory 
Directive 94-08; Assessment Criteria for Determining Environmental Safety of Plants with Novel Traits, Regulatory 
Directive 94-09: The Biology of Brassica napus L (CanolaJ Rapeseed), Regulatory Directive 95-01 ; Field Testing Plants 

50 with Novel Traits in Canada). However, with increasing commercial production of transgenic plants, the potential for 
contamination within a commodity increases dramatically. This potential contamination has become a major concern 
for the oilseed rape industry and will become a significant issue for other major crops (e.g. corn), as greater numbers 
of different recombinant genotypes reach the market place. 

[0017] Contamination of commercial crop production with traits from another cultivar that affect quality and perform- 
55 ance is a potentially serious problem. However, because of possible contamination of food products, a potentially more 
serious problem is the use of canola (or other crops) as a production vehicle for heterologous proteins of commercial 
or medicinal value. Although production standards as set out above can be implemented to preserve the identity of 
individual transgenic lines and reduce unintended contamination, the outflow of genes to other cultivars may eventually 
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occur. The issues re.at.ng to the occurrence and spread o, genes that * noting a distinctive morphotogy or an 
easily identifiable trait (such as herbicide tolerance) have not ^^^L tic constructs in the prior art 
[0018] Though many techniques have been used to "f*"^ culture or tor controlling 

do no! include features that are useful for ident.fy.ng and setectong ^JJ^^^^.^cN^ 
the persistence or potential spread of the transgenes. Acco ^^^^ZZ among transgenic plants 

commercial crops not having those transgenes would also be valuable. 

Methods for Transformation of Plants 

,00,0, (n*,^.*^'"^*^ 

he use of Al^cW or similar soil baelerra, lo trarraler DNA. Target pi. ««■« » , 
rr«aT T SS£ ESSE ce, are 

into whole plants. ui e *«riraiu/ nn the use of a natural bacterial vector that is 

[0020] The Agrotecteriamtransformation system « based h,s to a ™ form Q{ transfor . 

he causal agent of crown gall disease. Crown S^.'*'^^^ DN A sequences needed 
mation. The naturally occurring tumor inducing (T.) plasm.ds of ^^2a3f S eion DNA into the host plant 
for the transfer of DNA into plant cells the DNA ^oe^ 

Tsla^^^^ 

(the T-DNA) usually contains all these genes an ^. | 3^' been extensiv ely studied. Generally, there are 
[0021] The oncogenes of the «"»««*'* > ^ oncogenes. The tmr oncogene 

two types of oncogenes on the Agrobactenum P'^" * e ^^^^^Slne 5' monophosphate which is 
(also known as the ipt gene) encodes an enzyme wh.ch '^^^^^^^^ (comprising 
acyloWninplanthormonethatinducesshoo^^^ 

ESS S=S=^ usually lead to the production of crown galls on 
which — 

twisted leafs due to growth hormone imbalance. These ~ ™ morphologically normal plants. 

Althoughthese plants can be easHy identified [*^^^J^J^^^ b/remova. of the 

[0023] The Ti p.asmid for use in plan, ranstorrr ^^^Z^S* Segments, and genes for 
convenient introduction of fore.gn genes between or adjacent o one ^o |ucuronidase synthase (GUS) 

identification and selection of transformed cells such as "JJ^kSSSK plasmid in w-Agrobacterial 

Agrobactenum methods. A variety of different rmcroproje c .les and me *^ et a ,, us 5,466,587; 

:„ e SriTmlrda n Lha,ebeenuaeo..eb M n 1 — edp«a,™o, u<1 .:*..mie*nd i rae.» i n 1 oce„»rK ! ,a l 
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(Crossway et ai, US 4,743,548); and direct DNA uptake by protoplasts (Paszkowski et ai, US 5,231,019, US 
5,453,367). 

[0026] Although the general approach to plant transformation is well-understood, the practical application of plant 
transformation processes is often limited by genotypic response of plant cells to transformation and culture conditions. 

5 It is not unusual for only one or two narrow genotypes within a species to be amenable to transformation. Accordingly 
it is not simple, or in some cases possible, to efficiently transform all genotypes within a crop species. Despite numerous 
attempts to alter culture and transformation protocols, some plant genotypes are recalcitrant to transformation by tech- 
niques that are efficient within other genotypes. Thus in many cases a specific genotype that is amenable to transfor- 
mation is first used, then the transgenic event is crossed, or "introgressed" into germplasm that is recalcitrant to the 

10 same transformation method. Although this method may allow for the eventual introduction of a transgene into a line 
that can not be transformed without undue effort, the process takes time and effort since one has to select for the 
transgene at every sexual cross. 

[0027] Thus a method that allows rapid discrimination of plants into which the transgene has been introduced by 
either transformation or introgression, would greatly facilitate production of transgenic plants. In particular, a non-de- 

15 structive visual assay would allow rapid screening of large numbers of breeding lines and segregating populations. 
This screening process, if applied at the seedling stage or even at the stage of seed development (e.g. embryo rescue), 
would find utility within commercial varietal production programs by allowing selection of lines at an early stage, thus 
eliminating the need to grow plants to maturity, thereby saving time and land resources. Such a method could also be 
used to eliminate significant number of null lines from cultivation and allow for a streamlined breeding and introgression 

20 process. In particular, such a method would be useful for producing Brassica plants carrying transgenes for input or 
output traits, including high value output traits. 

Brassica Transformation 

25 [0028] Transformation of members of the Cruciferae family by Agrobacterium and other methods has been reported. 
However, many of the reports that relate specifically to Brassica transformation have detailed the difficulty in routinely 
obtaining transformed Brassica species by Agrobacterium mediated transformation. Many of the reports have shown 
success with one or two particular varieties, but there is no teaching of detailed methods that are generally applicable 
to all species within the Brassica genus. Although many manipulations of culture conditions can be employed, some 

30 varieties have proven to be extremely difficult to transform by previously reported methods. Thus significant effort is 
expended for the introduction of transgenes in these genotypes by crossing and introgression. Any improvements and 
discoveries that allow for the reliable generation of transgenic plants from these genotypes or allow for a more efficient 
means to introgress these traits would be a significant improvement over the art. 

[0029] Many of the initial Brassica transformation studies were carried out with a single genotype, B. napus cy Westar 

35 (Radke etal, Theor. Appl. Genet 75:685-694, 1988; Moloney etal., Plant Ceil Reports 8:238-242, 1989; Moloney et 
al., 1989, US 5,188,958; Moloney et ai, 1989, US 5,463,174). Westar was a convenient choice since it responded to 
tissue culture and transformation protocols described in the references cited above and allowed recovery of transgenic 
plants. Westar remains the genotype of choice for transformation experiments; however, the agronomic properties of 
the variety are considered poor by comparison with recent cultivars. Hence a gap remains in reliable transformation 

40 technology and commercial genotypes of Brassica napus oilseed. 

[0030] Moreover, many Brassica transformation studies conducted using the described methods, or variations there- 
of, have produced results that are highly variable and are dependent upon the innate response of the specific plant 
materials to the transformation protocol. As an example, the transformation frequencies that have been achieved for 
Brassica napus are sometimes variable and very low (Fry et al., Plant Cell Reports 6:321-325, 1987; Mehra-Palta et 

45 ai, In Proc 8th Int. Rapeseed Congress, Saskatoon, Saskatchewan, 1 991 ; Swanson and Erickson, Theor. Appl. Genet 
78:831-835, 1989). Variable and often low transformation frequencies have also been observed with other Brassica 
species, such as B. oleracea (Christie and Earle, In Proc 5th Crucifer Genetics Workshop, Davis, pp 46-47, 1 989; Metz 
etal., Plant Cell Reports 15: 287- 292, 1995; Eimert and Siegemund, Plant Molec. Biol. 19:485-490, 1992; DeBlock 
etal., Plant Physiol. 91:694-701, 1989; Berthomieu and Jouanin, Plant Cell Reports 11:334-338; Toriyama etal, Theor. 

so Appl. Genet §1:769-776, 1991); B. rapa (Radke et ai, Plant Cell Reports 11_:499- 505, 1992; Mukhopadhyay et al, 
Plant Cell Reports 11;506-513, 1992); B. juncea (Barfield and Pua, Plant Cell Reports 10:308-31 4, 1991; Deepak er 
ai, Plant Cell Reports 12:462-467, 1993; Pua and Lee, Planta 196:69-76, 1995); B. nigra (Gupta et al, Plant Cell 
Reports 12:418-421, 1993); and B. carinata (Narasimhulu et ai, Plant Cell Reports 11:359-362, 1992; Babic, M.Sc. 
Thesis, Univ of Saskatchewan, 1994). 

55 [0031] The many Brassica species, varieties and cultivars represent a very diverse group with radically different 
morphologies and physiological characteristics. Many Brassica species of commercial interest do not respond well or 
at all to the methods previously described. In particular, Brassica napus oilseed species with unusual fatty acid com- 
positions appear to be recalcitrant to conventional transformation efforts. One genotype, typified by the variety AG01 9, 
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as described in US 5,965,755 is a high o.eic acid, ow .ino.eic ac« ge ^^^^ 
transformation methods, for example, that described by 

from have valuablefatty acid compositions »tatpiovKteo,lw.th.mp^o^sto^and & 

tolany mnslo^fcn of Bd.ee/ra species AG019 and pmadnv Mnvrt *"*°TL valuaMe Furthenmre, methods 
[0O32] AooordinBly.m.lhodsto.ransform^loitr.nlg.noWooolB^ 

lo Monti,, tronofenood p*™ c*. and pfett ^ W-^ ^TpM o c 1 oonBin m 
^rM=.^^doond^op e d«add,es S .O e sa = 

important objectives. 
Conditiona ll y Lethal Genes 

l0M41 Co—, M Mi and p.. ^^SSSSff.SS 

synthesis pathway typical of this type of bacterium. Dat hwav from that of Agrobacterium. 

[0035] The formation of indoleacetic acid by p.ante ' because 
Hence, the expression of IAMH (oncogene 2) in ^J^^^^Z application of indoleacetamide 

US 5,1 80,873 (Jorgensen) .ssued January, ^en selected for close linkage between the 

,etha. gene. The plants are breeding techniques. U.S. Patent 

lethal gene and a target locus whrt a mettiod of hybrki seed production using IAMS in combination 

5 426 041 of Fab anski era/issued June 1995, teacnes a meinoa oi nyo k f selection durinq 

s a sra=orrri^Uon- = 

means tocontrol spread of the noveltrait. However, because theleM 
qi IMMARY OF THE INVENTION 

sofelyond speoifirall, .amoved Irdm » grovnnj * <* *■ P^"' 
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[0040] The present invention provides a genetic construct comprising a conditionally lethal gene operably associated 
with a promoter functional in a plant cell. The gene is used to select, identify or selectively kill a plant expressing said 
gene. 

[0041] The genetic construct comprises a conditionally lethal gene expressed to kill the plant in response to an 
5 applied chemical formulation. Therefore, according to one aspect of the present invention, there is provided a genetic 
construct, comprising: 

a conditionally lethal first gene expressible in a plant cell of a plant; and 

a second gene expressible in said plant cell, said second gene, when expressed in said plant cell, conferring a 
10 non-naturally occurring trait of interest on said plant cell; said second gene being selected from the group consisting 

of: 

a) a gene encoding a pharmaceutical product; 

b) a gene encoding an industrial useful enzyme; 
'5 c) a gene encoding rennin and/or hirudin; 

d) a gene encoding an input or output trait. 

[0042] In accordance with another aspect of the present invention, there is provided a transgenic plant, comprising: 

20 a conditionally lethal first gene expressible in a plant cell of said transgenic plant; and 

a second gene expressible in said plant cell of said transgenic plant, said second gene, when expressed in said 
plant cell, conferring a non-naturally occurring trait of interest on said plant cell;said second gene being selected 
from the group consisting of: 

25 a) a gene encoding a pharmaceutical product; 

b) a gene encoding an industrial useful enzyme; 

c) a gene encoding rennin and/or hirudin; 

d) a gene encoding an input or output trait. 

30 [0043] In accordance with another aspect of the present invention, there is provided a method for selectively removing 
at least one plant from a growing environment, comprising: 

transforming at least one plant cell with a genetic construct including: 

35 a conditionally lethal first gene expressible in said at least one plant cell; and 

a second gene expressible in said at least one plant cell, said second gene, when expressed in said at least 
one plant cell, conferring a non-naturally occurring trait of interest on said at least one plant cell; said second 
gene being selected from the group consisting of: 

to a) a gene encoding a pharmaceutical product; 

b) a gene encoding an industrial useful enzyme; 

c) a gene encoding rennin and/or hirudin; 

d) a gene encoding an input or output trait. 

45 [0044] The invention is well suited to the production of crop plants, such as Brassica species/varieties, for large scale 
agricultural and industrial applications. The method finds utility for the tracking and identification of transgenes during 
the breeding process. The method also finds utility for the production of commercial plant varieties comprising novel 
traits wherein the contamination of other commercial productions of the same species, via cross pollination or volunteer 
seed, must be avoided. Additionally, the invention provides for environmental protection by providing a method of 

50 selectively removing from any environment plants having transgenes. 

[0045] The present invention specifically provides a method to produce crop plants which express heterologous 
proteins. The method of the invention can be used to substantially eliminate contamination of heterologous protein 
expressors from other commercial productions. 

[0046] In addition, the present invention provides methods for transforming Brassica species and varieties including 
55 those found previously to be recalcitrant or transformable only at very low efficiencies. This includes the commercially 
important high oleic/low linoleic varieties, particularly AG019 and progeny derived therefrom. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0 047] in the Figures, "C.R.» refers to "coding region"; "TER." refers to "termination region"; "PROM." refers to "pro- 
moter", and "PR" refers to "primer". 

tor the beta glucuronidase - kanamycin resistance fusion protein for the select.on of plant cells, 
resistance gene for the selection of plant cells. 

X^DUcMriWn ontog.no 2, onto tta ™W of the 35S g^**" S-moTSL Jd own*, coding 
of the seed oleosin promoter. 

B9u „6«u S Wasc.n,,,uo«ono.,hep,a„,»,n* r «onv e c,o, = 

£^=rg^rrs=r^s^^ 

of plant cells. 

DESCRIPTION OF THE SPEC IFIC EMBODIMENTS 

gene coding for a desired trait. Either or both ^^^^^J^mL comprising the transcrip- 
[0050] 'tis desirable thatthegenet.cconsru^ conditjona||y |elha| genes be 

tionally lethal DNA sequences. introduced to a vector for transformation of plants. The 

^^^^^"^^^^^^^ 

(NPTII) for selection of transformants. ««,mhinant cells bv any suitable method, such 

0053] Thegeneticconstructcanbeintroducedtoplantcellstoforn^ ' ^^^^"^ generated 
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naturally occurring gene, a synthetic DNA sequence or a combination of naturally occurring and synthetic sequences. 
One or more introns can be present within the coding sequence of the target product. This second gene is capable of 
being transcribed or expressed as a translation product in a plant system; for example, by having appropriate tran- 
scription and translation initiation and termination regions. The expression of this second gene can be regulated by, 

5 for example, an unaltered or altered native, a constitutive, an inducible, a developmentally regulated or tissue specific 
promoter that can be the same as or different from the promoter regulating expression of the conditionally lethal phe- 
notype. The choice of promoter for the gene will vary depending on the desired effect or result which is to be achieved. 
[0055] In molecular farming applications, seed specific expression of the second gene is particularly useful. Thus, 
the second gene in these systems preferably includes transcriptional and translational regulatory regions capable of 

10 expression in developing plant seeds, and more specifically, in the seed embryo or other seed tissue capable of trig- 
lyceride storage. Such regulatory regions can include, for example, the oleosin promoter (Plant et a/., Plant Molecular 
Biology 25;. 193-205, 1994). Preferably, the second gene comprises: (i) transcription and translation regulatory regions 
functional in plants, including initiation and termination regions; and (ii) a region which encodes a chimeric peptide or 
protein. This coding region preferably comprises (a) a region which codes for at least a portion of an oil-body specific 

'5 protein sufficient to provide targeting or partitioning of the chimeric product to an oil body and, (b) the region coding 
for the desired protein or trait. The oil-body region of the chimeric gene may include an oil-body specific promoter. The 
chimeric peptide or protein can also comprise a peptide sequence which links the oil-body specific protein to the desired 
protein and which can be specifically cleaved by chemical or enzymatic means (Moloney, PCT/CA92/00161). 
[0056] The present invention provides a method for preparing a transgenic plant which can be selectively removed 

20 from a growing environment. A genetic construct is provided which includes a conditionally lethal gene and a second 
gene which codes for a desired trait. A plant cell is transformed with the genetic construct and regenerated into a whole 
plant. Preparation of the genetic construct, transformation and regeneration are carried out using any suitable proce- 
dures. 

[0057] Specifically the present invention provides for the production of plants containing a transgene comprising an 
25 input or output trait or any desired trait, with the added novel feature that such transgenic plants and progeny therefrom 
can be removed specifically from a growing site, when desired. The invention uses a genetic construct which includes 
(a) a novel trait gene to which is linked, (b) a gene that codes for a product which is capable of converting a benign 
substance to a substance which causes phenotypic change or death of the entire plant. The genes identified as (b) 
are termed herein as conditionally lethal genes. 
30 [0058] According to another embodiment, the genetic construct comprises a conditional lethal gene operably asso- 
ciated with a promoter functional in a plant cell. In this instance the conditional lethal gene is used to select, identify 
or selectively kill a plant that expresses it. 

[0059] Conditionally lethal genes can be obtained from any source such as, for example, plant, bacterial, viral, or 
animal systems, and can be wild-type, altered or synthetic. These genes are adapted for transcription and translation 

35 in a plant system and include, for example, any necessary transcription and translation initiation and stop sequences. 
The conditionally lethal gene can be regulated to initiate cell death for example in response to application of a chemical 
substance or in response to application of a physiological stress, such as heat and/or cold shock. In one embodiment, 
a conditionally lethal gene is used which is activated to cause cell death by application of a substance which has no 
known adverse effects on the growing environment. 

40 [0060] Many conditionally lethal genes are known in the art. Conditionally lethal genes typically have two mechanisms 
of action. The lethal phenotype is conditional upon either the presence of a non-toxic substance or the induction of 
gene activity. In the first instance a gene expresses a product capable of acting upon a non-toxic substance, which is 
usually applied externally, causing it to become toxic and capable of killing a plant cell. In this instance the conditionally 
lethal phenotype is dependent on the presence of the non-toxic substance. In the absence of the non-toxic substance 

45 the lethal phenotype is not expressed; in the presence of the substance the lethal phenotype is observed. 

[0061] In the second instance, a conditionally lethal gene encodes a product that is directly toxic to a plant cell. 
However, expression of the toxin gene is regulated by a promoter so that expression of the toxin can be repressed 
when desired and allow the plant to grow. In this instance, the lethal phenotype is observed when the promoter is 
induced to express. No application of an external substance is required. 

50 [0062] In addition to the genes described below, a person skilled in the art can readily assay a candidate gene for 
lethality in plants. Moreover, the gene may be assayed to see if it can be used on its own or whether a regulatable, 
possibly heterologous, promoter is required to induce a conditional lethal phenotype. 

[0063] Examples of conditionally lethal genes useful in the present invention and applications for molecular farming 
are, but are not limited to: an oncogene, such as oncogene 4 encoding the enzyme isopentyltransferase which causes 
55 overproduction of cytokinin, having a chemically inducible promoter such as, for example, the promoter from the glu- 
tathione-S-transferase II gene inducible by N, N-diallyl 2,2-dichloroacetamide and related compounds (WO9301294; 
Albertsen, M.C. et a/., US 5,478,369); or an oncogene under the control of a cold inducible promoter such as, for 
example, the low temperature induced genes from Arabidopsis (Baker et a/., Plant Molecular Biology 24: 701- 713, 
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drogenase which converts 2-amino.4-methoxybutano,c aad (m« 

et ll, Experiment 36: 846. 1980); the eta,., Weed Science 2V. 

2- a mino-4.[2-amino-3-hydroxypropyl]-^3-butano,c « » (J^S Solyz mg non-toxic derivatives ot the 
63-66 , 1973); and the enzyme phosphonate monoester hydrolase capable of JJW 5 254,801). 

herbicide gtyphosate to the phytotoxic giyphosa e ^^^^^^5 £ pits can be reguiated by 
[0064] Conditionally lethal 9 en ^ u «7^ Conditionally lethal gene prod- 

one or more of: their native promoter, an indue ble promoter or p pro moters so that 

Lue specific and developmental* ^regulate ' "^^^^ ^^.^^^ Yamamoto, US 

SSSSST—r tended penods of time or — ~ is .inked to a gene 

TxprSsing a lethal phe'notype under exposure to ^^^K^Swta" — cens that 
[0066] A preferred conditionally letha gene ■ ™^ 2 £^ C SnA seance of the octopine T-DNA, 
encodes the enzyme indoleacetam.de hydrolase (IAMH). As an ««?PjT"[J mc p aten t 5 428 147 of Barker et 
including the coding region and promoter sequence of oncogene 2, * d ^ 

al.ThesubstrateforlAMH includes variousindoleam.desandr^ 9 V ^ 

napthalene acecamide (NAM). A PP'^"° f A ^ gene also comprises a 

phytotoxic agent napthalene acet,c ac,d ?^^^|(^^^Qnferthe conditionally lethal phenotype. 

Promoter CaMV35S, or a cell or tissue specific P ram °\ er . e 2 of Agrobac terium is used as part 

[0067] in a most preferred embodiment of ^J^^^^SSSSi^ vector provides many ad- 
of the plant transformation vector. Presence of the ^oncogene 2 .n the pla trans t<j 
vantages. These include: the ability to use sub-lethal doses of au*n ■^^ d ^ ablI ^ tou8eindo , eamlde8 and 

the transformation vector. , onefrtrmpfi with tne fore-mentioned constructs or vectors. 

[0068] The invention Brassica which has an altered oil 

[oo^^ 

including those used in molecular farming. ™ nH itinnaii v lethal aene such as the oncogene 2, is 

100701 in on. onW0lm.nl. o — ' » >*»«** ^ 

rtojoly as those m sn«os«ng the s *™ a 'J'"°r.,ieolro lor the trensgenle plant, since the plsnts identity as 
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used as the conditionally lethal gene, the chemical agent is an indoleamide or a related derivative. In a specific preferred 
embodiment, the indoleamide is NAM. 

[0073] Use of a conditionally lethal gene such as oncogene 2 as a visual marker allows any desired gene, including 
those encoding a heterologous protein or an "input" or "output" trait, to be incorporated into a plant, even when such 

5 a plant is recalcitrant to transformation, e.g. certain Brassicas such as A019. 

[0074] Sexual crossing followed by visual inspection of progeny at an early stage of development provides a con- 
venient, non-destructive, non-biochemical means to identify the transgenic plant. Literally thousands of plants can be 
screened at once. This method provides an inexpensive and accurate means to track the introgression of novel traits 
within large breeding population. No biochemical assays, such as GUS assays or nucleic acid analysis such as PCR 

w are required. Inclusion of a conditional lethal gene, such as the oncogene 2, in plant transformation vectors that contain 
genes coding for input or output traits therefore allows for rapid introgression of said traits into numerous plant varieties. 
[0075] A simple procedure is provided to screen for transgenic plants expressing the oncogene 2. Plant populations 
are sprayed with the formulated mixture of napthalene acetamide. Within 24 hours epinasty and obvious visual phe- 
notypic changes are observed in transgenic plants. Plants without the oncogene 2 are unaffected. Plants which have 

15 been affected are selected. These recover within 72 hours and continue to grow and set seed. This phenotypic response 
is transmitted to subsequent generations. 

[0076] The present invention further provides the oncogene 2 as a visual, scorable marker that allows the selection 
of germinating seeds or plant embryos that express oncogene 2. The method involves culturing the seed or embryo 
on a medium containing (a) an indoleamide or a related derivative.and (b) an auxin transport inhibitor; then visually 

20 identifying the germinated seed or embryo which manifest the phenotype. The identified transgenic seed or embryo is 
readily recovered by transferring to a medium without indoleamide or auxin transport inhibitor. 
[0077] The present invention further provides a method for selecting a transgenic plant cell during transformation. 
The procedure uses an oncogene as part of an expression construct or vector used to transform the cell. Once the 
vector has penetrated the plant cell, the cell is exposed to a formula containing (a) a benign derivative of a plant 

25 hormone which becomes an active hormone in the presence of the oncogene expression product and, (b) an auxin 
transport inhibitor. After the cells are allowed to grow into a clump, the cell clump is identified visually as that which 
manifests the phenotype associated with the active hormone. The identified group of cells is then allowed to recover 
in the absence of the hormone derivative, and regenerated in the usual manner to a whole plant. If the oncogene is 
oncogene 2, then the preferred benign derivative is an indoleamide or a related derivative such as NAM and the pre- 

30 ferred inhibitor is naphthylphthalamic acid. 

[0078] Application of an auxin transport inhibitor in addition to NAM, which is converted by IAMH to NAA, greatly 
potentiates the effect of NAA. Thus, transgenic plant cells comprising a desired trait and the oncogene 2 are identified 
by application of a formulation that includes: (a) an indoleacetamide and related compounds, and (2) an auxin transport 
inhibitor. 

35 [0079] Numerous auxin transport inhibitors (Phytotrophins) can be used including: N-(1-naphthyl)phthalamic acid 
"Naptalam" (NPA); 2,3,5-Triiodobenzoic acid (TIBA); 9-hydroxyfluorene-9-carboxylic acid (HFCA); Erythrosine, Eosine, 
Fluorescein; Semicarbazones (SCBs);and Ethanphon. Typically auxin transport inhibitors are applied at a rate of be- 
tween 1 0 to 1 00% of the rate of the applied auxin derivative. In some instances rates of 200-400% of the auxin transport 
inhibitor relative to the applied auxin derivative is used. 

40 [0080] Although any plant or cell can be used in the methods of the present invention, in a preferred embodiment, 
the plant or cell used is Brassica. A particular embodiment is Brassica which has an altered oil composition. Preferably 
the Brassica is one which has high oleic and low linoleic acid content such as AG019 or its relatives and derivatives. 

Brassica Transformation 

45 

[0081] A novel method for obtaining transformed Brassica napus is also disclosed. The method is particularly useful 
for transformation of cultivars that have been found to be difficult to transform using previous methods. In particular 
the variety AG019 and progeny therefrom are preferred. 

[0082] In this particular embodiment of the present invention, the subject method for obtaining transformed Brassica 
50 napus AG019 plants includes the steps of transformation, selection and regeneration. The method can be used to 
transform Brassica napus AG01 9 plants and progeny therefrom with any desired genetic material. The genetic material 
is inserted into a transformation vector suitable for use in Agrobacterium transformation as is known. 
[0083] Transformation procedure includes co-cultivation of plant cells with a suitable strain of Agrobacterium tume- 
faciens. Strains which have been used for Brassica transformation are numerous and include, for example, strain 
55 GV3101/p MP90 (Konez & Schell, Molecular Gen. Genet 204:383-396, 1986), strain LBA4404/pAL4404 (Corns et al, 
Plasmid 7: 15-29, 1992) and strain A281/pEHA105 (Hood era/., Transgenic Res. 2:208- 218, 1983). 
[0084] The Agrobacterium is used to transform Brassica cells with a selected genetic construct. The Brassica cells 
can be in any form, for example, cells in culture or in callus or cells in plant tissue, however, hypocotyls are preferred. 
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preferably at a temperature of about 1 5°C. recove rv media for 7 days. Explants are then 

?0086] After co-cultivation, the cells are ^^^^^SmZ^^«t^ induce shoot 
placed on selection medium containing macro and m.cro nutrients, vrtamms Preferably it also contains a 

formation. The selection medium also contains a bacterid e, ^^^^^^6^ '"the case 
selection agent. The cel.s are grown on the selection am tomrt ^^^^^Zum ^ recovery 
of transformation of Brassica napus with altered ^!>^^^^^X^ which develop are 

IS ^method for obtaining transformed Brassica plants described above has been found especially useful for 

the invention. 

Example 1: Novel Brassica transformat ion method. 
,00391 Themett^outHnedbelowanows— ^ 

variety AG01 9 and progeny theref rom. For * ' a^^hr^darl^^e wWi a"ight intensity of 1 00 microE/m2/s. 

(TC) conditions are used: f£^£» f^iZToSZte -h. ft. seeds are transferred 

[0090] Seeds are surface sterilized J^^J^^n 20 (v/v) for 10 min, followed by an additional 10 mm 

the TC conditions described above. transformation vector construct is transferred to AB 

[0091] A single colony of <>< 6x1 <* HyP ° COty ' S 
minimal medium (Watson et al., 1975) for 48 hr at 28 C wnicn gives w 5 Q 

are harvested from the germinated seeds and transferred to ^fJ^KCSKS TC conditions described 
mg/L BAP, 0.7%(w/v) agar, and NAA 0.1 mg/L pH 5. and »^JJ^^™ nlmal medium containing 

The pre-culture medium and incubated for 3 <*f ""f^ medium (MMOM, 

[0092] ™owingco-cu^ 

3%(w/v) sucrose, 5.0 mg/L BAP, 0.1 mg/L NAA O. ih (w/v> ag- ,y k . d recovery 0 f the hypocotyl 

the TCcondittons described above to eliminate the Agrotecten^ 

explantltshould be noted that thisstep^^ 

of Lsgenic shoots ^ 

dium (MMOM, 3%(w/v) sucrose, 4.5mg/L BAP 07 / ^ 3!Sbatod tor approximately 4 weeks under the TC condi- 
and a selection agent such as kanamyom *. apprpnate) on the Shoot Induction medium 

tions described above to induce the formation of shoots. Following a 4 weeK incu crose 
green shoots and callus are transferred to the Shoot Ebngrton ^ ^^^^^LmM 
and0.7%(w/v)agarp.us300mg/LT,ment^ 

for an additional 4 weeks using the TC enin>* ^^^^^r, 0.1 mg/L NAA, or IB A; pH 
the plantlets are transferred to soil and grown under greenhouse conditions. 

F , a mn, e 2: Constructs gj , novel plant transfor mat i o n v ector co mprising a c onditionall y lethal gene (oncogene ^ 
[0093] Nove.p.anttrans— 

employed for producing transgenic Brassica plants. 
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[0094] The vector is prepared by first isolating the conditionally lethal oncogene 2 from Agrobacterium tumifaciens 
strain A248 by PCR and introducing restriction sites at the 5' and 3' end of the gene. A DNA coding sequence, along 
with the native promoter and terminator sequence from the plasmid pTiA6 was obtained from Genbank (Accession No. 
X00409). 

5 [0095] Total DNA was extracted from Agrobacterium tumefaciens strain A248. A 2.3 Kb PCR product extending from 
a Hind III site near the 5' end of Oncogene 1 (IAA-M), through the full length bidirectional promoter, through the coding 
region of oncogene 2 (IAA-H), ending with its terminator, was amplified from Ti plasmid pTiA6. The primers used, 
pr8349 and pr7495, were designed using the published sequence of oncogene2. (GenBank accession no. X00409). 
To facilitate cloning the product, 5' extensions on the primers introduced three restriction sites, Xbal, Pst I and Kpn I, 

10 to the 5' end and a BamHI site to the 3' end of the resulting PCR product. 

Kpnl 

15 Xbal Pstl 



pr834 9 5 - AAAATCTAGACTGCAGGTACCGCACTCGGTGGAGATTTG 3 

20 

BamHI 

25 pr74 95 s ' - AAAAGGATCCCACAGCGTGTGCCTAAATAGGATTGCT- 3 



[0096] Total DNA from Agrobacterium strain A248 is used in a PCR reaction containing 0.1 ug of template DNA, 5 
units (1uL) of TaqPlus DNA Polymerase from Stratagene (San Diego, California), 10 ul of Extend Taq Buffer (Strata- 

30 gene), 0.5 U (0.2 ul) of Pfu DNA polymerase (Stratagene), 8 ul of 2.5 mM dNTPs, 5 uM primers (2.5 ul of each) and 
21.2 ul of water. The reaction is initiated at 94°C for 2 minutes, then 35 cycles of: 94°C for 30 seconds, 55°C for 30 
seconds, 72°C for 2 minutes. Following these cycles, the reaction is held at 72°C for 7 minutes and the DNA is isolated. 
[0097] A 1 .8 Kb product is obtained which was verified by restriction analysis to correspond to authentic oncogene 2. 
[0098] The PCR product was digested with Xbal and Bam HI and ligated into the corresponding sites of plasmid 

35 pHS723 (Hirji, R., Hammerlindl, J.K., Woytowich, A.E., Khachatourian, G.G., Datla, R.S.S., Keller, W.A., Selveraj, G. 
(1996) Plasmid pHS723 and its derivatives: plant transformation vectors that enable efficient selection and progeny 
analysis. Fourth Canadian Plant Tissue Culture and Genetic Engineering Conference, Saskatoon, Saskatchewan, 
Canada) to give pJH121. The resulting vector was transferred to Agrobacterium strain GV3101::pMP90 and used in 
co-cultivation experiments to produce transformed plants expressing Oncogene 2. The vector also confers kanamycin 

40 resistance and GUS activity for screening of transgenics. The derivation of pJH121 is illustrated in Figure 1. 

Example 3: Construction of Plant Transformation Vector pJH122. 

[0099] A plant transformation vector comprising oncogene 2 and a kanamycin resistance marker was constructed 
45 as follows. Plasmid pJH121 was digested sequentially first with Xba I, then BamHI to excise the 2.3 Kb oncogene 2 
coding region and terminator driven by its native, full length promoter. The fragment was gel purified and electroeluted 
The binary plant transformation vector pRD400 was similarly digested with Xba I and Bam HI. pRD400 is a plasmid 
identical to pBIN 19 except a single base pair has been changed in the neomycin phosphotransferase gene to enhance 
expression of the selectable marker (Datla et al, Gene 122 : 383-384, 1 992). The electroeluted oncogene cassette was 
so ligated into the corresponding sites of the vector. The resulting plasmid, pJH122, was transferred by triparental mating 
into Agrobacterium strain GV3101 ::pMP90 for transformation to plants. Derivation of pJH122 is illustrated in Figure 2. 

Example 4: Construction of plant transformation vector pJH123. 

55 [0100] A plant transformation vector comprising a conditionally lethal gene and a gene encoding a heterologous 
protein capable of expression in plant cells was constructed. In this example the conditionally lethal oncogene 2 was 
joined to a heterologous gene encoding a fusion protein. The fusion in this case is between the oleosin gene and the 
beta glucuronidase gene, under the control of the oleosin promoter in the plasmid SBS 2002. Plasmid SBS 2002 is a 
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planttransformaflonvec^^ 

Tegion which is translation^ fused to the ^^^STSSSJS van Roc Z - A Motoiy (Structural 
nator. The cassette is essentially as it appears in ^OBPGUSA^ p hys iology 109 (1995): 1353-1361). 

requirements of oleosin domains for subcellular targeting to the oil J**^33b. gel The 3.8 Kb Ole- 
5 The plasmid SBS2002 was digested with Pst I anc ^ J^.JSjS ^e adTp ers wire phosphory.ated 

w hi enzyme. Only the Bam/Bgl ligations will ^ e ^^^^ g ^L mM u m strain GV3101:pMP90 
[0101] The finished vector, pJH123, was transferred by Agrooa ^ ^ 

or plant transformations. The vector confers on trans formed tissue ^^^^S^ * glucuronidase 
well as expression of Oncogene 2. In addition the .«*««2^^^iJ^pJHia3 * » ed in 
activity targeted to the oil bodies of seeds (van Roo.)en and Moloney ,1995). The denvation po 

is Figure 3. 

cvom pis s- Construction of plant transformation vector pJH125. 



25 



30 



35 



prl0109 



Xbal Ncol 
-AAAATCTAGAGTCCATGGTGGCCATTACCTCG- 



40 



45 



50 



55 



BamHI 

pr7495 *' - AAAAGGATCCCACAGCGTGTGCCTAAATAGGATTGCT 

promoter with duplicated enhancer sequence (Kay, R Chan A Daly , M an d Mc, rne , , m ^ 
35S Promoter sequences creates a strong e nha ™ fo 7^ 
terminator. The promoter-terminator fragment is con ainedwith^ 

from Dr. Raju Datla (Plant Biotechnology Institute National J^^SSSl cassette was isolated from 
katoon, Saskatchewan, S7N 0W9) to g.ve , pJH 24. ™^ multiple cloning site of binary 

PJH124 as a Hindl.l to BamHI fragment and "^**^IS3l^ The vector was transferred to Agro- 

oncogene 2. The derivation of pJH125 is illustrated in Figure 4. 
Example 6: Construction of pla nt transformation vector pJH126. 

ESSES *. - « vec» ,n ft. pc^ce o, B, H, 
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enzyme as described for pJH123. 

[0105] The finished vector, pJH126, was transferred by triparental mating to Agrobacterium strain GV3101 ::pMP90 
for plant transformations. The vector confers on transformed tissue and plants kanamycin resistance for selection as 
well as expression of oncogene 2. In addition, the Oleosin-GUS cassette provides expression of glucuronidase activity 
5 targeted to the oil bodies of seeds. The derivation of pJH126 is illustrated in Figure 5. 

Example 7: Construction of plant transformation vector pJH130. 

[01 06] The 2300 bp 35S-35S pro mote r-oncogene cassette was isolated as a Hindlll to BamHI fragment from pJH1 24 
70 and cloned into the corresponding sites of plant transformation vector pHS723 to produce plasmid pJH130. The back- 
bone vector, pHS723, expresses a GUS/NPT fusion protein which allows the selection of transformed cells, plants and 
their progeny based on kanamycin resistance and the facile screening of transformed tissue based on expression of 
glucuronidase activity. With the introduced oncogene cassette, the cells, plants and their progeny also express addi- 
tionally the oncogene 2 gene product. The derivation of pJH130 is illustrated in Figure 6. 

15 

Example 8: Analysis of transformed Tobacco plants containing the vector pJH121. 

[0107] Transformed tobacco plants containing the pJH 121 construct described above are recovered and tested 
using standard analysis to determine the presence of the inserted vector. Confirmed transformants are selected and 

20 a representative number of plants are treated with NAM to demonstrate the conditionally lethal phenotype as follows. 
A solution containing 200 ug/mL of NAM with 0.1% Tween 20 is prepared. Plants were sprayed to runoff using a 
pressurized sprayer. In plants expressing the conditionally lethal phenotype, 2 days after spraying the leaves are droop- 
ing and the leaf margins curling. Within 5 days the leaves are twisted and the plant shows typical auxin toxicity. Non- 
transformed plants are unaffected by the treatment. 

25 [0108] Seed is collected from transformed plants and germinated in the presence of NAM to confirm seed expression 
of the conditionally lethal phenotype. 

Example 9: Analysis of transformed Brassica napus plants containing the vector pJH121. 

30 [0109] Transformed Brassica napus plants containing the construct pJH 121 described above are recovered and 
tested using standard analysis to determine the presence of the inserted vector. Confirmed transformants are selected 
and a representative number of plants at the three - four leaf stage of growth are treated with NAM to demonstrate the 
conditionally lethal phenotype as follows. A solution containing 200 ug/mL of NAM with 0.1% Tween 20 is prepared. 
Plants were sprayed to runoff using a pressurized sprayer. In plants expressing the conditionally lethal phenotype, the 

35 transgenic plants remained stunted in growth 25 days after spraying while the non-transgenic varieties grew normally 
and flowered. 

[01 10] Seed is collected from transformed plants and germinated in the presence of NAM to confirm seed expression 
of the conditionally lethal phenotype. 

40 Example 10: Analysis of transformed Brassica napus containing the vector pJH125. 

[0111] Transformed Brassica napus plants containing the construct pJH 125 (35S oncogene 2) described above are 
recovered and tested using standard analysis to determine the presence of the inserted vector. Confirmed transform- 
ants are selected and a representative number of plants are treated with NAM to demonstrate the conditionally lethal 
45 phenotype as follows. A solution containing 200 ug/mL of NAM with 0.1% Tween 20 is prepared. Plants were sprayed 
to runoff using a pressurized sprayer. In plants expressing the conditionally lethal phenotype, 2 days after spraying the 
leaves are drooping and the leaf margins curling. Within 5 days the leaves are twisted and the plant shows typical 
auxin toxicity. Non-transformed plants are unaffected by the treatment. 

50 Example 11: Demonstration of oncogene 2 as a Positive Selectable /Scorable Marker in Breeding Programs. 

[01 12] Oncogene 2, when linked to the trait transgene of interest, can be used as a positive selectable and scorable 
marker in transformation, event conversion, and conventional breeding strategies as a simple visual marker for tracking 
the trait gene of interest. The ability to visually select plants in an event conversion (backcross, introgression) and 
55 conventional breeding programs reduces the time and analytical support (ELISA; PCR; Southern Blot Analysis, etc.) 
required to identify the progeny that contain the transgene of interest from crosses between the transgenic event and 
agronomically elite germplasm. Furthermore, the rapid visual selection in a breeding program reduces tissue sample 
handling and maintenance of non-transgenic plants in a segregating population that are not of interest in the breeding 
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10 



15 



20 



25 



30 



35 



40 



program until the results of the were planted. These transgenic 

[0113] In this example, 20 plants from M ^.^^^^S^M 125. NAM was applied at a rate of 1 
varieties were segregating 3:1 for the inserted JSfJjJJ*^^^ for a visual phenotype. From the 
mg/mL at the 2-3 leaf stage. 24 hours after appl.cat.on of NAM. pta «b tative tranS genics, 4 

visual appearance of twisted leaves, a random sam P '^ 

chosen as being non-transgenic. These plants ^Tt^^^Z vector by PCR. whereas all four of 
vector. All 8 putative transgenic plants were conf .rrnedto cany J^JjJ^cJ pCR an y alysis . Thus , he rapid and 

such as breeding programs or during introgression) is demonstrated. 

Example ig Use of the co ndition^ lethal o^^ ss^SS ^ - ™ hr *° »" d Seed q 6 ™" 3 " 0 - 

. ca celePtab | e marker in seed germination and embryo rescue in vitro assays, 
[0114] Oncogene 2 can be used "J^JJ^^nS of the transformation vector in segregating populations, 
allowing for an even earl.er determ.nat.0 o the ^ence^of t a containing ^ ^ ap auxjn 

Seeds or embryos of transgen,c plants contain* , pJH 125 wher cururM non . transformed seedlings. The 

acid (NPA). Trensgs* sellings are s. lad. ed o ith '^^^^.^^.i s.gregan.a 9 re« no.m.ll,. 
r reil o, .. — » vector Id "-^££31 JSu- re^pore dedv« ad*„,a 
transgenic lines. 

^ m p | fl 1,: Use of cneor — 2 as a selectable marker during the transformation of Brass,ca napus. 
[011 7] Thetransformationprotocold.— 

procedure. In particular, the ^^^^^^^u^ recovery of transgenic varieties 
culture, co-cultivation, ca.lus ing/recovery, callusing and recovery 7 day period of incu- 

of AG019 and progeny therefrom. Replacement of NAA wrth NAM ™ * des a convenien t means 

bation in those instances where the oncogene 2 .s included J^TS^-I**! method for the recovery of 

at a ratio of 1 :2 to 2:1 (NAM:Auxin Trans P° rt f ' n ^^: ments m be evident t0 perS ons skilled in the art, while carrying 
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[0119] 

<110> National Research Council of Canada 
<120> Transgenic Plants and Methods of Production Thereof 
50 <130> 75151-9 

<140> 
<141> 

<150> US60/1 13,546 
<151> 1998-12-22 
55 <160>3 

<170> Patentln Ver. 2.0 

<210> 1 

<211>39 
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<212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer 
5 <400> 1 



aaaatctaga ctgcaggtac cgcactcggt ggagatttg 3 9 

10 

<210>2 
<211>37 
<212> DNA 

<213> Artificial Sequence 
15 <220> 

<223> primer 
<400> 2 



20 aaaaggatcc cacagcgtgt gcctaaatag gactgct 37 

<210>3 
<211>32 
<212> DNA 
25 <21 3> Artificial Sequence 

<220> 

<223> primer 
<220> 

<223> primer 
30 <400> 3 



aaaatctaga gtccacggtg gccattacct eg 32 

35 



Claims 

1 . A genetic construct, comprising: 

a conditionally lethal first gene expressible in a plant cell of a plant; and 

a second gene expressible in said plant cell, said second gene, when expressed in said plant cell, conferring 
45 a non-naturally occurring trait of interest on said plant cell; said second gene being selected from the group 

consisting of: 

(a) a gene encoding a pharmaceutical product; 

so (b) a gene encoding an industrially useful enzyme; 

(c) a gene encoding rennin and/or hirudin; and 

(d) a gene encoding an input or output trait. 

55 

2. The genetic construct according to claim 1 , wherein said second gene is a gene encoding a pharmaceutical product. 

3. The genetic construct according to claim 1, wherein said second gene is a gene encoding an industrially useful 
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enzyme. 



4. The genetic construct according to Cairn 3 wherein 

pectinases; ligninases; peroxidases; phosphatases; oxidoreductases; and phytases. 

5. The genetic construct according to c.aim 1. wherein said second gene is a gene encoding rennin and/or hirudin. 
6 The genetic construct according to ciaim 1 . wherein said second gene is a gene encoding an input trait. 

enhanced herbicide tolerance. 
8 The genetic construct according to claim 1 , wherein said second gene is a gene encoding an output trait. 

^ S ,.d gnn* construe, p.alerably cnmpnn.s .n inducible prompter or a tlseue-apeoitc promoter in 

operable asaociation with aaid conditionally Mhal tot gens. 

13. A transgenic plant, comprising: 

a genetic construct according to any one of claims 1 to 12. 
1 4 A method for selectively removing at least one plant from a growing environment, comprising: 

to said plant. 

or more aene products of said conditionally lethal gene; and 

Taid method further comprising visually identifying a sub-lethal phenotype of said plant. 



5 



Patentanspriiche 



das zweite Gen aus der Gruppe ausgewahlt ist, bestehend aus 
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(a) einem Gen, das ein pharmazeutisches Produkt codiert, 

(b) einem Gen, das ein industriell verwendbares Enzym codiert, 
5 (c) einem Gen, das Rennin und/oder Hirudin codiert, und 

(d) einem Gen, das ein Input- Oder Output-Merkmal codiert. 

2. Genetisches Konstrukt nach Anspruch 1 , wobei das zweite Gen ein Gen ist, das ein pharmazeutisches Produkt 
10 codiert. 

3. Genetisches Konstrukt nach Anspruch 1 , wobei das zweite Gen ein Gen ist, das ein industriell verwendbares 
Enzym codiert. 

15 4. Genetisches Konstrukt nach Anspruch 3, wobei das industriell verwendbare Enzym aus der Gruppe ausgewahlt 
ist, bestehend aus Proteasen, die von mikrobiellen Quellen abgeleitet sind, Starke- Oder Kohlenhydratenzymen, 
die von mikrobiellen Quellen abgeleitet sind, vorzugsweise alpha-Amylasen, Glukoseoxidasen, Zeliulasen, Hemi- 
zellulasen, Xylanasen, Mannanasen oder Pektinasen, Ligninasen, Peroxidasen, Phosphatasen, Oxidoreduktasen 
und Phytasen. 
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5. Genetisches Konstrukt nach Anspruch 1 , wobei das zweite Gen ein Gen ist, das Rennin und/oder Hirudin codiert. 

6. Genetisches Konstrukt nach Anspruch 1, wobei das zweite Gen ein Gen ist, das ein Input-Merkmal codiert. 

25 7. Genetisches Konstrukt nach Anspruch 6, wobei das Input-Merkmal aus der Gruppe ausgewahlt ist, bestehend 
aus erhohter Resistenz gegen Schadlinge, erhohter Resistenz gegen Krankheit, erhohter Resistenz gegen Urn- 
weltbelastungen und erhohter Herbizidtoleranz. 

Genetisches Konstrukt nach Anspruch 1, wobei das zweite Gen ein Gen ist, das ein Output-Merkmal codiert. 

Genetisches Konstrukt nach Anspruch 8, wobei das Output-Merkmal aus der Gruppe ausgewahlt ist, bestehend 
aus veranderter Olzusammensetzung, veranderter Schrotzusammensetzung, vermindertem Anti-Ernahrungsan- 
teil und veranderten Verarbeitungseigenschaften. 

35 10. Genetisches Konstrukt nach einem der Anspruche 1 bis 9, wobei das bedingt letale Gen aus der Gruppe ausge- 
wahlt ist, bestehend aus einem Onkogen, vorzugsweise Onkogen 2 von Agrobacterium tumefaciens oder Onkogen 
4 unterder Kontrolle eines Promotors eines bei niedriger Temperatur induzierbaren Gens von Arabidopsis, einem 
Gen, das Methoxinin-Dehydrogenase codiert, einem Gen, das Rhizobitoxin-Synthase codiert, und einem Gen, 
das Phosphonatmonoesterhydrolase codiert, und 

wobei das genetische Konstrukt vorzugsweise einen induzierbaren Promotor oder einen gewebespezifischen Pro- 
motor in funktionsfahiger Verbindung mit dem bedingt letalen ersten Gen umfaBt. 

1 1 . Genetisches Konstrukt nach einem der Anspruche 1 bis 9, wobei das bedingt letale Gen dafur angepaBt ist, in der 
Pflanze unter Ansprechen auf eine chemische oder physiologische Belastung, die auf die Pflanzenzelle angewen- 

45 det wird, exprimiert zu werden. 

12. Genetisches Konstrukt nach einem der Anspruche 1 bis 9, wobei das bedingt letale Gen so gestaltet ist, daf3 es 
ein Genprodukt exprimiert, das bei Anwendung einer exogenen Substanz auf die Pflanzenzelle fur die spezielle 
Pflanze letal ist. 
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13. Transgene Pflanze mit 

einem genetischen Konstrukt nach einem der Anspruche 1 bis 12. 

14. Verfahren zum selektiven Entfernen von wenigstens einer Pflanze aus einer Wachstumsumgebung, bei dem man 
55 ein chemisches Mittel auf eine transgene Pflanze nach Anspruch 13 anwendet, wo-bei das chemische Mittel so 

gestaltet ist, da(3 es von einem oder mehreren Genprodukten des bedingt letalen gens in ein Mittel umgewandelt 
wird, das fur die Pflanze phtotoxisch ist. 



8. 
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Revendications 

70 1 . Produit d'assemblage genetique, comprenant : 
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„ pramia, .riWM »«- «*> » I'^^^^uC eSmi dans 

gfcne etant choisi dans le groupe consistant en : 

(a) un gene codant pour un produit pharmaceutique ; 

(b) un gene codant pour une enzyme industriellement utile ; 

(c) un gene codant pour la rennine et/ou pour I'hirudine ; et 

(d) un gene codant pour un caractere d'apport ou de rendement. 

Produitd'assembtogegen^ 
un produit pharmaceutique. 

une enzyme industriellement utile. 

choisie dans le groupe consistant en des pr <»T»" de ^rence des alpha-amylases, des glucose- 
dr p eroxydases, des phosphatases, des oxydoreductases, et des phytases. 

35 la rennine et/ou I'hirudine. 

un caractere d'apport. 

accrue a des stress ambiants, et une tolerance accrue vs-a-vs d herb.cdes. 
45 un caractere de rendement. 

wagtai an.inulrilionn.ls rSduitt ; .1 d« cara«6riawu M da UMI mod**-. 
,0. P ro du« run. « 
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11. Produit d'assemblage g6n6tique suivant I'une quelconque des revendications 1 k 9, dans lequel le gfcne condi- 
tionnellement lethal est adapts k etre exprim6 dans ladite plante en reponse k un stress chimique ou physiologique 
appliquS k ladite cellule v6g6tale. 

12. Produit d'assemblage genetique suivant Tune quelconque des revendications 1 k 9, dans lequel le g&ne condi- 
tionnellement lethal est configure de manfere k exprimer un produit de gfene lethal pour ladite plante particulifere 
par application d'une substance exog&ne k ladite cellule v6g6tale. 

13. Plante transg6nique, comprenant : 

un produit d'assemblage genetique suivant Tune quelconque des revendications 1 & 12. 

14. Proced6 pour Sliminer sSlectivement au moins une plante d'un environnement de croissance, comprenant : 

I'application d'un agent chimique k une plante transg§nique suivant !a revendeication 13, ledit agent chimique 
etant configure de mantere k etre converti par un ou pluseieurs produits de g&ne dudit gkne conditionnellement 
lethal en un agent qui est phytotoxique pour ladite plante. 

15. Proced6 suivant la revendication 14 dans lequel ladite application dudit agent chimique comprend I'application 
dudit agent chimique en une quantity choisie pour parvenir k un taux sous-lethal dudit agent phytotoxique de ladite 
plante par ladite conversion par ledit ou lesdits produits de g&ne dudit gene conditionnellement I6thal ; et 

ledit proc&te comprenant en outre I'identification visuelle d'un ph§notype sous-lethal de ladite plante. 
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